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FIBER COMPOSITE MANUFACTURING 
SYSTEM WITH ANT-BONDING COATINGS 

RELATED APPLICATIONS 

This application is a divisional of and claims the benefit 
under 35 U.S.C. S 120 from U.S. patent application Ser. No. 
13/233,394, filed Sep. 15, 2011, which claims the benefit 
under 35 U.S.C. S 119(e) of U.S. Provisional Application No. 
61/383.297, filed Sep. 15, 2010, the disclosures of which are 
incorporated herein by reference. 

TECHNICAL FIELD 

The field of this application relates generally to the manu 
facture of thin-layer composites and, more particularly but 
not exclusively, to composite door skins made from an iso 
cyanate-based resin and cellulosic and/or noncellulosic 
fibers. 

BACKGROUND 

U.S. Pat. No. 7,399.438 of Clarket al., which is incorpo 
rated herein by reference, describes methods of manufactur 
ing lignocellulosic composite materials and doors made of a 
frame structure covered by thin-layers of Such composite 
materials known as door skins. The composite materials and 
door skins may be made by mixing wood fiber, wax, and a 
resin binder, and then pressing the mixture under conditions 
of elevated temperature and pressure to form a thin-layer 
wood composite that is then bonded to the underlying door 
frame or core. As described in the 438 patent, composite door 
skins are conventionally formed by pressing wood fragments 
between heated dies in the presence of a binder at tempera 
tures exceeding 275° F (135° C.). The resin binder used in the 
door skin may be an isocyanate-based resin, a formaldehyde 
based resin, a thermoplastic resin, or a thermoset resin. 
A significant problem in the manufacture of wood-based 

composite products that are exposed to the outdoor environ 
ment and extreme interior environments is that upon exposure 
to variations in temperature and moisture, the wood can lose 
water and shrink, or gain water and Swell. This tendency to 
shrink and/or swell can significantly limit the useful lifetime 
of most exterior wood products. Such as wooden doors, often 
necessitating replacement after only a few years. The prob 
lem is particularly prevalent in extremely wet climates and 
extremely hot or dry climates. Door skins made of a compos 
ite mixture of wood fibers, fiberglass, and a resin binder have 
recently been introduced in the market, which provide 
improved resistance to moisture. Composite materials and 
door skins made of fiberglass and resin and without any 
cellulosic fiber content are also known. 
The 438 patent describes a process utilizing isocyanate 

based resins instead of formaldehyde-based resins to yield 
lignocellulosic fiber composite door skins having increased 
resistance to changes in environmental moisture. Isocyanate 
based resins may also provide environmental benefits over 
formaldehyde-based resins. However, the present inventors 
have found that it is more difficult in some respects to make 
composites with isocyanate-based resins than with formalde 
hyde-based resins. For example, isocyanate-based resins 
have a greater tendency to adhere to the working Surfaces of 
the steel dies used for pressing the composite mixture. This 
tendency can lead to a build-up of resin or composite material 
on the die surface, which causes undesirable defects in the 
surface finish of door skins. 
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2 
The 438 patent describes several generally complemen 

tary approaches to inhibiting adhesion and build-up on die 
Surfaces, including the use of an internal release agent in the 
composite mixture, the application of a release agent on the 
Surface of a mat of the composite mixture prior to pressing the 
mat, and the application of anti-bonding agents on the die 
Surface. Some of the various anti-bonding agents described in 
the 438 patent involve coating the die surface with a liquid 
composition that is baked into the die to form a stable anti 
bonding coating that can be used for 2000 press cycles. The 
438 patent also describes that the use of a release agent 
and/or an anti-bonding agent during the manufacture of cel 
lulosic composite door skins may allow for increased resin 
content in the composite, which may improve the strength 
and surface finish of door skins. Notwithstanding the use of 
anti-bonding agents on the dies and release agents in or on the 
composite mixture, a build-up will eventually form on the 
dies over the course of many Successive pressing cycles, 
requiring the dies to be regularly removed from the press for 
cleaning and recoating with the anti-bonding agent. Removal 
and recoating of the dies leads to equipment downtime, added 
expense, and waste. 

Accordingly, a need exists for improved means and meth 
ods of preventing composite adhesion to and build-up on the 
dies used for pressing door skins and other composite mate 
rials. 

SUMMARY 

A method of forming a thin-layer moisture-resistant fiber 
composite material Such as a door skin involves forming a 
loose mat from a mixture of fibers and at least 1% by weight 
of resin Such as an organic isocyanate resin, then pressing the 
mat between a pair of heated dies at least one of which 
includes a working Surface coated with a hard ormosil coat 
ing. The ormosil coating preferably includes a cross-linked 
organically-modified silica network and has a hardness 
exceeding 6H pencil hardness. The dies may be heated to 
between 250° F. and 425° F (121° C. to 218°C.), such that 
when the mat is pressed for Sufficient time, e.g. greater than 
15 seconds at more than 100 psi (690 kPa), the resin interacts 
with the fibers to form a consolidated fiber composite sheet 
material having a thickness in the range of about 1 mm to 13 

. 

The hard ormosil coating may be characterized by a dry 
film thickness of approximately 25 to 80 microns (microme 
ters (um)) or more, abrasion resistance greater than 50,000 
cycles (BSI Standard 7069: 1988) and scratch resistance of at 
least 12 grams critical load using a 90' diamond indenter, and 
may allow the composite sheet forming process to be repeated 
for 20,000 cycles without substantially degrading an anti 
bonding property of the ormosil coating. In some embodi 
ments, the ormosil coating includes inorganic additives. Such 
as metal oxide particles or nanoparticles dispersed within the 
silica network. In some embodiments, the ormosil coating 
includes alkyl or aryl groups chemically bonded to the silica 
network, which may result in the coating being hydrophobic 
So as to exhibit an advancing water contact angle of greater 
than 90 degrees and a total Surface energy of less than 
approximately 25 m.J/m2, including a polar Surface energy 
component of less than approximately 6 m.J/m2. 
The ormosil coating may be formed by a sol-gel process in 

which an admixture of at least two distinct reactive chemical 
components is matured before being applied to the die and 
cured, preferably by heating the coated die to an increased 
temperature, in the range of 385° F to 660°F. (196° C. to 349° 
C.) for example. To promote coating adhesion, the die work 
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ing Surface is preferably roughened to approximately 2.5 to 
6.0 microns (Lm) Ra before the ormosil coating is applied 
thereto. 

Systems for manufacturing a thin-layer moisture-resistant 
fiber composite material from a mixture of cellulosic fibers 
and resin are also disclosed, in which a metallic working 
Surface of equipment that is exposed to the mixture during 
processing is coated with the above-described ormosil coat 
ing to thereby inhibit buildup of the resin and fibers on the 
working Surface. The equipment may include a pair of dies 
that are heated to between 250° F. and 425° F (121° C. and 
218 C.), at least one of which is coated with the ormosil 
coating, or other equipment in the system, such as a blender, 
blowline piping, a refiner, or a conveyor belt for example. 

Use of the ormosil coatings described herein may yield 
composite sheet material products having improved Surface 
quality, edge sharpness, and/or increased draw angles, or 
other benefits. 

Further aspects of various embodiments will be apparent 
from the following detailed description which proceeds with 
reference to the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a simplified process flow diagram showing exem 
plary manufacturing steps for making thin-layer composites, 
Such as a door skins; 

FIGS. 2(a)-2(e) are diagrams showing exemplary manu 
facturing steps for making the thin-layer composites, includ 
ing (a) mixing fiberand resin to form a composite mixture; (b) 
forming the composite mixture into a loose mat; (c) optional 
spraying of the loose mat with release agent; (d) pressing the 
mat between two dies; and (e) releasing the resultant thin 
layered composite product from the dies; 

FIG.3 is a top view of a female die (bottom die) of a die set 
shown in cross section in FIG. 4; 

FIG. 4 is an enlarged cross-section view of a die set for 
pressing door skins, taken along line A-A of FIG. 3, illustrat 
ing details of the die and an anti-bonding coating thereon; 

FIG. 5 is an enlarged cross-section view of the die of FIGS. 
3 and 4 taken along line B-B of FIG. 3, showing detail of the 
Sticking; and 

FIG. 6 is an enlarged cross section view of the sticking 
region of a door skin pressed in the die of FIGS. 3-5. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

As used herein, a thin-layer composite comprises a sheet or 
generally flat composite structure that is significantly longer 
and wider than it is thick. Examples of thin-layer composites 
include door skins that are used to cover the frame or core of 
a door to provide the outer surface of the door. Such door 
skins may comprise composite sheets that are only about 1 to 
about 13 mm thick, but may have a surface area of about 
10-24 square feet (about 0.9 to 2.2 square meters) or more. 
Door skins may be flat and smooth or may be contoured to 
simulate a frame-and-panel construction and/or textured to 
simulate natural wood grain. Other thin-layer cellulosic com 
posite products include medium density fiberboard (MDF), 
hardboard, particleboard, oriented strand board (OSB) and 
other composite panel products reinforced with wood chips, 
wood fibers, or other cellulosic fibers. These composite prod 
ucts may be made in sheets ranging in thickness from about 2 
mm to about 30 mm. 

FIG. 1 illustrates an overview of exemplary manufacturing 
steps for making thin-layer cellulosic composite door skins. 
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4 
Generally, wood chips may serve as a selected cellulosic 
starting material. The wood chips may be ground, or refined, 
to prepare fibers of a Substantially uniform size and an appro 
priate amount of an optional release agent may be added. A 
wax may also be added. A catalyst Such as a polyol or amine 
may also be added. After refining, the cellulosic fibers may be 
dried to a specific moisture content or to within a specific 
moisture content range, such as from about 4% to about 20% 
by weight, wherein moisture content (weight of fibers 
oven dry weight)--oven dry weight)x100. In some embodi 
ments, however, no significant dehydrating or drying of the 
cellulosic fiber is necessary prior to treatment with a resin. At 
this point, the material may be stored until further processing. 
In some embodiments, noncellulosic fibers such as mineral 
fibers or fiberglass may be added to the refined cellulosic fiber 
material. 

In still other embodiments, noncellulosic fibers may be 
used instead of refined cellulosic fiber material. Fiber-rein 
forced composite materials that do not include cellulosic 
fibers include fiberglass composites made from sheet mold 
ing compound (SMC) or bulk molding compound (BMC) 
including a polyester resin, or by a process known as long 
fiber injection (LFI) using a polyurethane resin. LFI compos 
ites are useful for making building materials, including door 
skins, as described in U.S. patent application Ser. No. 1 1/112, 
540, filed Apr. 21, 2005, and published as US 2006-0266222 
A1, which is incorporated herein by reference. 
As shown at process station 108, the fibers (whether cellu 

losic, noncellulosic, or both) are mixed with an appropriate 
binder resin, and optionally one or more of a catalyst, a wax, 
an internal release agent, a tackifier, a filler and/or other 
additives, until a uniform composite mixture is formed. Alter 
natively, the resin may be added to the cellulosic fiber prior to 
addition of noncellulosic fibers. The composite mixture may 
then be formed by former 110 into a loose mat which is 
modified to the desired thickness by using a shave-off roller 
112 and pre-compressed by a roller 116 or some other press 
ing mechanism to a density of about 3 to about 12 pounds per 
cubic foot. While the mat moves along a conveyor 118, a 
trimmer 120. Such as a flying saw, trims the pre-compressed 
mat into segments sized to fit within the press, after which a 
release agent may optionally be applied to the top surface of 
the mat segments. The pre-compressed mat segments are then 
loaded into a platen press, and compressed between two dies 
under conditions of increased temperature and pressure. For 
example, pressing conditions may comprise pressing the mat 
for about 15 seconds between dies heated to about 300° F. 
(about 149°C.), which apply pressure to the mat in the range 
of about 600-850 psi (about 42.2-59.8 kg/cm), followed by 
about 30 seconds of a lower applied pressure of about 100 
300 psi (about 7.0-21.1 kg/cm). In some embodiments, the 
dies are heated to a higher temperature of approximately 400° 
F. or more, to accelerate the curing process. In some embodi 
ments, the mat is pressed between the heated dies at greater 
than 100 psi for at least 15 seconds, and in other embodiments 
at greater than 250 psi for at least 15 seconds, e.g., perhaps 30 
seconds or more. Generally, a recessed (female) die is used to 
produce the inner Surface of the door skin (facing the door 
frame or core), and a male die shaped as the mirror image of 
the female die is used to produce the outside surface of the 
skin. The dies may include Surface contours to create a pan 
eled appearance and simulated Sticking in the door skin. In 
Some embodiments, the male die may include a surface tex 
ture that forms a wood grain pattern in the Surface of the door 
skin. After pressing, the door skin is removed from the press, 
cooled, and optionally sized, primed, and humidified. The 
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resulting thin-layer composite door skin is mounted onto a 
doorframe or core using an adhesive and employing methods 
well known in the art. 

FIGS. 2(a)-2(e) illustrate individual steps in the method for 
making a thin-layer composite. FIG. 2(a) illustrates the step 
of forming a composite mixture 2 including reinforcing fibers 
4. Such as refined cellulosic fibers and/or fiberglass, and a 
resin (not labeled), such as at least about 1% by weight of an 
organic isocyanate resin, such as polymeric diphenylmethane 
diisocyanate (pMDI), or between 1.5% and 8% by weight 
pMDI resin (based on oven dry weight of the fibers). In one 
embodiment, the mixture includes 60-95% weight refined 
cellulosic fibers and between 1.5% and 7% wt of the organic 
isocyanate resin. In other embodiments a different resin, Such 
as a phenol-formaldehyde resin, may be used. Optionally, an 
internal release agent, catalyst, wax, fillers and/or additives 
may be added to the mixture 2. In some embodiments, the 
mixture 2 may be prepared using blowline blending of the 
resin, fibers, and any other ingredients. Alternatively, a 
blender 9 having a means for mixing 3 such as a paddle, 
devil-toothed plates, attrition plates, fluted plates, pin rolls, 
refining plates, or the like, may be used. The cellulosic and/or 
noncellulosic fibers, resin, and other ingredients may be 
mixed in the blender 9 for a set time until the mixture is 
uniform. The uniform mixture is then conveyed to a former 
box 110 (FIG. 1). The mixture may be conveyed by mechani 
cal means, dropped by gravity, or carried by positive pressure 
or vacuum suction out of the blender 9 and to the former box 
110. The former box 110 preferably shapes the composite 
mixture into a loose mat on the Surface of a moving conveyor 
belt 118, 5. The loose mat may be modified to the desired 
thickness by using a shaver 112 (FIG. 1). In some embodi 
ments, the shaver 112 is a shave-off roller. The shave-off 
roller may have small teeth or bristles that help convey excess 
material to a recycling loop 114. Without being tied to theory, 
the teeth or bristles may also help to align fibers on or near the 
surface of the mat to lie generally parallel to the plane of the 
surface of the mat. 

With reference to FIG. 2(b), the loose mat is then prefer 
ably pre-pressed to reduce its thickness by between 40% and 
75% to form a pre-compressed mat 6. The pre-pressing com 
pression may be achieved by a roller 116 (FIG. 1) or belt (not 
shown) mounted at a fixed distance above a conveyor belt 5 
that transports the mat between equipment stations, or by 
some other type of pre-press 7, illustrated schematically in 
FIG. 2(b). The density of the compressed mat 6 may vary 
depending on the nature of the wood composite being formed, 
but generally, the mat is formed and compressed or “pre 
pressed to have a density of about 3 to about 12 pounds per 
cubic foot (i.e., 48-192 kg per cubic meter). Turning to FIG. 
2(c), after trimming the mat into segments sized to fit in the 
press dies 12 and 14 (FIG. 2(d)), a release agent 8 may 
optionally be applied to a Surface of the mat 6 by spraying 
using a spinning disc applicator, spray nozzles, or by another 
method and release agent application means 11. The release 
agent may comprise an aqueous solution of compounds, 
monomers, or polymers. In some embodiments, the release 
agent may contain fatty acids, and in other embodiments may 
contain an emulsion of Surfactant and/or polymer, Such as 
silicone. One suitable release agent is Aquacer 549. Another 
release agent is Michelmann's Ad9897. 

With reference to FIG. 2(d), the mat 6 may then be loaded 
into a press between a female die 12 and a male die 14, and 
pressed at an elevated temperature and pressure and for a 
sufficient time to further reduce the thickness of the thin-layer 
composite and promote interaction between the resin and the 
fibers. In the case of isocyanate-based resin, it is believed that 
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6 
heating causes the isocyanate of the resin to form a urethane 
or polyurea linkage with hydroxyl groups of the cellulose. 
Modification of the hydroxyl groups of the cellulose with the 
urethane linkage prevents water from hydrating or being lost 
from the cellulose hydroxyl groups. With reference to FIG. 
2(e), upon curing of the resin, a door skin 16 having a resis 
tance to moisture is formed and thereafter removed from the 
dies. 

Exemplary fibers, resins, release agents, waxes, catalysts, 
additives and other ingredients of the composite mixture, as 
well as parameters for and variations on methods of manu 
facture and composite materials made thereby, are described 
in further detail in U.S. Pat. No. 7,399,438 of Clark et al., 
issued Jul. 15, 2008; in U.S. Patent Application Publication 
No. US 2006/0266222 A1, published Dec. 1, 2005; and in 
U.S. Provisional Patent Application No. 61/355,934, filed 
Jun. 17, 2010, all of which are incorporated herein by refer 
ence for the disclosure of such details. 
As described above, in certain embodiments, one or both of 

the dies 12, 14 may be coated with an anti-bonding agent. 
FIG. 2(d) illustrates an embodiment in which the pressing 
surface of the female die 12 facing male die 14 is coated with 
an anti-bonding agent 10, but male die 14 is not coated with 
the anti-bonding agent. In some embodiments, pressing Sur 
faces of both dies 12 and 14 are coated with an anti-bonding 
agent. In an alternative embodiment, the method of making 
composite material may employ a release agent 8 sprayed on 
the surface of the mat 6, with or without the use of an anti 
bonding coating on dies 12 and 14. In still other embodi 
ments, the method may employ an internal release agent 
blended in with the resin and fiber mixture forming the mat, 
without using an anti-bonding coating on the dies 12 and 14. 
After it is pressed, the door skin is removed from the dies 12 
and 14 (FIG. 2(d)), conveyed by payoff conveyor 13 (FIG. 
2(e)), and allowed to cool while it is transported for further 
processing (sizing, priming, and/or humidifying) prior to 
being assembled into a completed door. 

In accordance with an embodiment, the anti-bonding agent 
may include a hard anti-bonding coating that is abrasion 
resistant and that will not degrade attemperatures achieved at 
the die surface or after many thousands of cycles between the 
peak temperature and lower operating temperatures. The 
peak temperatures achieved at the die Surfaces may approach 
or exceed the 280-425 F. nominal operating temperature of 
the heated dies due to applied pressure and other factors. An 
exemplary anti-bonding coating may have a dry film thick 
ness (DFT) of approximately 40 microns (Lm) and an abra 
sion resistance of greater than 50,000 cycles, as measured 
using a standard reciprocal abrasion test for cookware—BSI 
Standard No. BS 7069:1988, with a 4.5 kg force and 3M 7447 
Scotch-Brite abrasive pad. In one embodiment, the anti-bond 
ing coating may have a pencil hardness exceeding 6H. Other 
embodiments of the anti-bonding coating may have a pencil 
hardness exceeding 7H or 8H. In some embodiments, the 
anti-bonding coating may have a pencil hardness exceeding 
9H. In still another embodiment, the anti-bonding coating 
may have a hardness exceeding 5 on the Mohs Scale. In yet 
another embodiment, the anti-bonding coating may have a 
hardness exceeding 6 or 7 on the Mohs scale. The anti-bond 
ing coating may have a scratch resistance and/or adhesion 
sufficient to withstand critical scratch loads in excess of 6, 8, 
10, 12, 14, 16, 18, or 20 grams using a 90° diamond indenter 
stylus pressed with progressively increasing loads against the 
coated Substrate which is moved via a movable stage at a 
constant rate, wherein the critical load to failure is the load at 
which the coating is breached and the indenter reaches the 
Substrate Surface. In addition to excellent abrasion resistance 
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and/or hardness, embodiments of the anti-bonding coating 
may comprise a vitreous material having chemically bonded 
alkyl groups and/or aryl groups with hydrophobic properties 
that withstand more than 4000 pressing cycles, and preferably 
more than 10,000 pressing cycles, at the 280-425° F. nominal 
operating temperature. Some embodiments of the anti-bond 
ing coatings may retain their hydrophobic and/or anti-bond 
ing properties after more than 20,000, 30,000, 40,000 or 
50,000 press cycles of a process for making fiber-reinforced 
composites using pMDI resin. In other words, in some 
embodiments the press may be cycled more than 20,000 times 
to make more than 20,000 sheets of composite materials, such 
as >20,000 door skin master panels, without substantially 
degrading an anti-bonding property of the anti-bonding coat 
ing as determined by measurement of contact angles (ASTM 
D7334-08) to determine surface energy, which should not 
increase more than 10%. The use of a vitreous material such 
as modified silica may provide for enhanced adhesion of the 
anti-bonding coating to the die Surface and strong chemical 
bonding of alkyland/oraryl groups with the network. The die 
may preferably be made of a steel containing at least some 
silica to promote adhesion. 

In accordance with an embodiment, the anti-bonding agent 
is a hard PTFE-free non-stick coating. Some such coatings 
are applied via a sol-gel technique to form a ceramic or 
ceramic-like matrix, or a cross-linked network having excel 
lent hardness and abrasion resistance. In some embodiments, 
the anti-bonding coating is organically modified silica (ormo 
sil). In other embodiments, the anti-bonding coating com 
prises a silica network modified with organic and inorganic 
components (an organic-inorganic hybrid). Anti-bonding 
coatings applied by the sol-gel technique include coatings 
offered by Whitford Worldwide Co. of Elverson, Pa., USA 
under the trade name FUSION: by Thermolon Ltd. of Hong 
Kong under the trade names ROCKS, ENDURANCE, 
FLEXITY, and RESILIENCE; by Ceratech Co., Ltd. of 
Busan, Korea under the trade names CT-100, CT-200, 
CT-600, CT-700, and CT-800; and by ILAG Industrielack AG 
of Lachen, Switzerland under the trade names CERALON 
and ILASOL. The Thermolon, Ceratech and ILAG coatings 
are advertised to comprise a ceramic matrix including prima 
rily silicon and oxygen (i.e., silica (SiO)), modified with 
relatively small amounts of other inorganic materials and 
pigment. 

Other anti-bonding coatings include ceramic coatings 
applied from a liquid solution including a volatile solvent, 
such as CERAKOTE Press Release coatings offered by NIC 
Industries, Inc. of White City, Oreg., and dry powdered coat 
ing materials applied by a plasma spray process to form a hard 
ceramic coating. 
Some embodiments of the anti-bonding coating may com 

prise a ceramic matrix or network including primarily silicon 
and oxygen (i.e., silica (SiO2)), modified with a metal oxide, 
metal hydride, alkaline earth metals, and/or lanthanoid. In 
one embodiment, the silica network is modified with alkyl 
groups and an inorganic pigment, and relatively small 
amounts (0.1% to 5.0%) of alumina (AlO) and/or titania 
(TiO) particles or nanoparticles dispersed within the silica 
network. In another embodiment, the silica network is further 
modified with particles or nanoparticles of copper chromite 
black spinel and/or manganese dioxide (MnO) dispersed 
within the silica network. The modified silica may be char 
acterized as a polysiloxane or a polysilsesquioxane. In some 
embodiments, the silica network is modified with an organic 
non-polar molecule, such as alkyl groups oraryl groups, so as 
to have a very low Surface energy. In one embodiment, the 
organic modifier includes methyl groups. In another embodi 
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8 
ment, the organic modifier forms polydimethylsiloxane 
(PDMS). In some embodiments, the anti-bonding agent is 
substantially free of fluorine. 
Some embodiments of an organic-inorganic hybrid silica 

used in the anti-bonding coating may include functional addi 
tives. Functional additives may include pulverized, pow 
dered, or nano-particulate natural Stone materials or minerals, 
Such as quartz, monzonite, gneiss, rhyolitic tuff, tourmaline, 
obsidian, or lava, and ion-exchange materials such as stron 
tium, Vanadium, Zirconium, cerium, neodymium, lanthanum, 
barium, rubidium, cesium or gallium. 

FIG. 4 illustrates a cross-section view of a portion of a 
forming die 200 (taken along line A-A of FIG. 3) for pressing 
and curing a composite mixture to form a door skin 300 (FIG. 
6) according to an exemplary embodiment, including a male 
die 202 and an opposing female die 204. Dies 202, 204 
include contoured working surfaces 206, 208 that are 
approximately the mirror image of each other for forming a 
contoured profile in door skins to simulate the appearance of 
a traditional frame-and-panel construction (also known as 
rail-and-stile construction). The contoured profile of dies 
202, 204 include portions shaped to form simulated rails and 
stiles 210 and 212 (FIG. 3), simulated panels 220 and simu 
lated sticking 230 therebetween (see sticking 304 in FIG. 6). 
One or both of the working surfaces 206, 208 may be textured 
to impart a simulated wood grain appearance to door skins. 
Dies 202 and 204 may each be between approximately 2 and 
4 inches thick and typically slightly larger in length and width 
than one or two residential doors (depending on whether the 
die is sized to form a single door skin or two doorskins) or 
garage door panels, i.e., approximately 1 to 8 feet wide, and 
approximately 6 to 18 feet long (tall). Dies 202 and 204 are 
preferably made of tool steel, such as Kleen-Kut 45 or 
Industeel SP300, but may alternatively be made of other 
materials, such as stainless steel or an aluminum alloy. The 
portion of the dies shaped to impart simulated sticking 230 to 
the composite material include Surfaces having a draw angle 
0, relative to the plane of the die (FIG. 5), which is sometimes 
referred to as the draft angle. The maximum draw angle 
possible for a given composite material and process may be 
increased by use of anti-bonding coatings according to the 
present disclosure, as compared with prior-art coatings. In 
one embodiment, door skins formed of alignocellulosic com 
posite with isocyanate-based resin Such as pMDI using dies 
coated with an ormosil ceramic anti-bonding agent according 
to the present disclosure may have a draw angle of greater 
than 70 degrees, and in some embodiments greater than 75 
degrees or greater than 78 degrees. 
The presence of a low-friction and low-adhesion anti 

bonding coating according to the present disclosure may 
enable the composite material of the mat to flow to some 
extent along the high draw angle contours of the die during 
pressing, to achieve improved distribution and density of 
composite material in the high draw angle regions 302 (FIG. 
5) of the resulting composite product 300 (FIG. 6). For 
example, it is expected that the use of the anti-bonding coat 
ings described herein may enable greater local stretch factors 
than prior art processes for manufacturing door skins or other 
articles made of the same type of fiber-reinforced composite 
materials, without sacrificing strength or appearance, which 
would allow a greater maximum vectorangle for a given draw 
depth and/or a greater draw depth for a given vector angle, 
wherein the terms “local stretch factor' and “vector angle' 
and “draw depth' should be given substantially the same 
definitions as set forth in Patent Application Publication No. 
US 2005/021720.6 A1. Likewise, enabling the composite 
material to flow, during the pressing operation, along the 
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contours of the die in the region of Sticking or other highly 
drawn features may inhibit or reduce the incidence of imper 
fections in the finished composite material. Such as cracks, 
holes, and other visible imperfections that can otherwise be 
caused by excessive stretching. 

To prepare dies 202 and 204 for coating, the working 
surfaces 206, 208 of the dies are first degreased with a caustic 
agent and hot water. One Suitable caustic agent is Morado 
Super Cleaner sold by ZEP, Inc. of Atlanta, Ga. Next, the 
working Surfaces 202, 204 are roughened by sandblasting or, 
preferably, blasting with an abrasive blast medium having a 
particle size finer than sand, such as fused alumina having a 
particle size in the range of approximately 60 microns to 125 
microns, or about 80 grit. To promote adhesion of the anti 
bonding coating, the working Surfaces 202 and 204 are rough 
ened to a roughness on the R. Scale of approximately 2.0 to 
6.0 microns and preferably about 3.0+0.5 microns. When 
roughening, care is taken to impart similar roughness to all 
contoured Surfaces of the die, including the Sticking. To prop 
erly roughen the Sticking and other profiled Surfaces, the grit 
is blasted perpendicularly to the Surfaces, starting with the 
Sticking and any other angled Surfaces. After roughening, the 
dies are cleaned to remove grit. For example, the dies may be 
blown off with compressed air that has been filtered and 
passed throughan oil separator to remove dirt and oil from the 
compressed air. 

Sol-gel type anti-bonding coatings, such as Whitford 
FUSION, are generally transported and stored as a two-part 
coating systems that must be mixed, matured, and applied 
Soon after the two liquid solutions are mixed and matured. 
The coating may be an admixture including a first component 
of a silane or oligomer thereof and a second component of 
colloidal silica including a Substantial amount of silica nano 
particles. Some embodiments may involve an admixture of 
more than two components. In one embodiment, the first 
component includes methyltrimethoxysilane (MTMS), tetra 
ethoxysilane (TEOS), or a mixture thereof. In one embodi 
ment the first component comprises an approximately 2:1 
weight ratio mixture of methyltrimethoxysilane to tetraethox 
ysilane. The second component may include at least 10% wt 
silica particles sized between 0.1 and 1.0 microns in an aque 
ous Suspension. In one embodiment, the second component 
includes 20-50% wt silica nanoparticles and less than about 
10% wt of functional fillers or additives, such as nanoparticles 
of metal oxides or hydrides and natural minerals or stone 
materials, such as one or more of those listed above. The size 
and type and amount of additives may be selected to yield a 
roughened surface finish, a matte finish having the texture of 
an egg shell, or a smooth finish, and may impart functional 
properties such as improved hydrophobicity, improved adhe 
sion to the steel die Substrate, improved hardness, toughness, 
abrasion resistance, and Scratch resistance. Surface additives 
Such as silicone surface additives or polyacrylate Surface 
additives may be added to the second component to help with 
leveling and/or adhesion of the coating, and to inhibit the 
formation of craters in the coating. The silica Sol may be 
activated by a dilute acid or alcohol. Such as isopropyl alcohol 
between 1-5% wt in the second component. 

In one embodiment, the first component may comprise a 
mixture of methyltrimethoxysilane (CHSiCOCH)), 0.0% 
to 5% inorganic pigments, and 5-15% alcohol (including any 
of isopropyl alcohol, ethyl alcohol or methyl alcohol, or a 
mixture thereof), and the second component may comprise 
30-50% wt. colloidal silica mixed with 2-20% alcohol (in 
cluding any of isopropyl alcohol, ethyl alcohol or methyl 
alcohol, or a mixture thereof), 0.1 to 5% titania nanoparticles, 
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10 
optionally 0.1 to 5% alumina nanoparticles, copper chromite 
black spinel, and/or other additives, and the balance water. 
The maturing and curing process may involve a hydrolysis 

reaction (1): 

(1) 
Hydrolysis 

HS-OR. -- HOH sps 
Reesterification 

-Si-OH + 

which is followed by a condensation reaction, as follows 
(2): 

ROH 

(2) 
Water 

Condensation 
-Si-OH + -Si-OH 

Hydrolysis 

-Si-O-Si- -- 

In an exemplary embodiment, before mixing the two com 
ponents of the coating together, each is stirred or agitated well 
to ensure that solids and components are evenly distributed. 
In one example the components are each agitated using a 
drum roller (also known as a drum rotator) for approximately 
one hour. After agitation, the two liquid components are then 
mixed using a batch stirrer or mixer. Once mixed, the mixture 
is matured by agitating the mixture with a drum roller or paint 
shaker while exposing the drum to air temperature of approxi 
mately 100°F. to 108° F (38-42°C.) for approximately three 
hours. In one embodiment, the mixture is matured by agitat 
ing with a drum roller or paint shaker while heating the 
mixture to about 104°F (40°C.) for two hours, followed by 
an additional hour of agitation by the drum roller. The 
matured mixture may then be filtered through a screen having 
a mesh size of 300-400 micron to remove any large particles. 
The die is pre-heated to approximately 86°F. to approxi 

mately 93° F (30-34°C.), before applying the mixed and 
matured coating to the die Surface. Several coats of the 
matured mixture are applied to the pre-heated die Surface 
using a conventional spray gun, electrostatic spray, another 
technique used for painting, or another coating technique, to 
achieve a cured dry film thickness of approximately 25-80 
microns (approximately 0.0010 to 0.0032 inches). In one 
embodiment, three coats of the matured mixture are applied 
to the die Surface using a conventional spray gun to achieve a 
dry film thickness of approximately 35 to 60 microns (ap 
proximately 0.0014 to 0.0024 inches). The liquid mixture is 
preferably applied in an ambient environment of approxi 
mately 84°F. (29°C.) and a relative humidity of less than 
approximately 70%. The coated die is then baked to cure the 
coating and remove excess liquid. 
To cure the coating, the die may be heated to a temperature 

in the range of approximately 375 to 660°F. (190-350° C.) as 
measured by a thermocouple placed along the side Surface of 
the die. In one embodiment, the coating is cured by heating 
the die to a temperature of approximately 590 to 600°F. 
(310-315C) as quickly as possible. In other embodiments, the 

HOH 
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die may be heated to a temperature in the range of approxi 
mately 385 to 660°F. or in the range of 450 to 650°F. or in the 
range of 550 to 620 F. The die may be heated in an air 
atmosphere or in an inert gas environment, in an oven or by 
conductive heating using a resistive electrical heater (hot 
plate) in contact with the outside surface of the die opposite 
the working surface. Alternatively, the die may be heated by 
an induction heating device. In some embodiments, an infra 
red-heating device positioned above the coated Surface may 
be used in addition to or instead of a conductive heater, 
induction heater, or convection oven to reduce the curing 
time. Preferably the die is heated to the curing temperature as 
quickly as possible. However, the mass of the metal in the die 
will limit the rate of heating which is possible. With a resistive 
heater, it may take 60-120 minutes to heat the die to the 
necessary curing temperature. After heating it to the curing 
temperature, the coated die is cooled to room temperature 
(approximately 70° F (21°C.)) in an air atmosphere or in an 
inert gas environment. In some embodiments, the die may be 
cooled by circulating liquid coolant through coolant path 
ways within the die. In other embodiments, the die may be 
cooled by blowing ambient air or inert gas over the surface of 
the die. In other embodiments, the die may be cooled by 
placing it on a cooling platen that has recirculating liquid 
coolant inside pathways within the platen. In other embodi 
ments, the coating may cure at room temperature—a process 
which may take several days to complete. 

After curing, the anti-bonding agent may exhibit a hard 
ness of approximately 90 to 98 Shore D and an abrasion 
resistance of greater than 50,000 cycles, and in some embodi 
ments greater than 100,000 cycles, as measured using BSI 
Standard No. BS 7069:1988, with a 4.5 kg force and 3M 7447 
Scotch-Brite abrasive pad. In some embodiments, the anti 
bonding coating may exhibit a hardness of greater than 80 
Shore D, an abrasion resistance of greater than 50,000 cycles, 
and a scratch resistance of greater than 15 grams critical 
scratch loading (using a 90' diamond indenter, as described 
above). The anti-bonding coating is preferably hydrophobic, 
and in one embodiment, may exhibit an advancing water 
contact angle of approximately 100 to 105 degrees (ASTM 
D7334-08). In other embodiments, the coating may exhibit an 
advancing water contact angle of greater than 90 degrees, for 
example, 90 to 120 degrees, 100 to 150 degrees, or greater 
than 150 degrees (ASTM D7334-08). The coating may have 
a surface energy of less than approximately 30 m.J/m total, 
including dispersive and polar components (Owens/Wendt 
theory), wherein the polar component is less than approxi 
mately 6 m.J/m. In other embodiments, the coating may have 
a total Surface energy of less than approximately 25 m.J/m or 
less than approximately 22 m.J/m, including a polar compo 
nent of less than approximately 6 m.J/m or less than approxi 
mately 2 ml/m. Surface energy is calculated from contact 
angle measurements (sessile drop technique) for five liquids 
of known energy: Didomethane, water (HO), dimethylsul 
foxide (DMSO), formamide, and ethylene glycol. 

Anti-bonding coatings having an increased hardness and/ 
or scratch resistance may retain their anti-masking properties 
significantly longer than prior art coatings. For example, dies 
coated in accordance with the coatings described herein may 
withstand 20,000 or more pressing cycles without exhibiting 
masking or coating failure. 
The anti-bonding properties of the ormosil coatings 

described herein may over time degrade due to exposure to 
heat, abrasion, chemicals, or other environmental conditions, 
likely due to loss of alkyl or aryl groups from the ormosil 
network. Some embodiments of the ormosil coatings may be 
rejuvenated utilizing a rejuvenating treatment, such as a 
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12 
wipe-on Surface treatment that can be applied on top of the 
ormosil coating while the die is still in the press, or after the 
die is removed from the press. Rejuvenating treatments may 
include treatment solutions including a silane or silanol Such 
as trimethylsilanol, or a fluoroalkylsilane (FAS) system such 
as SIVO ClearTM K1/K2, a two-part ambient curing FAS 
system sold by Evonik Industries AG of Essen, Germany. 

Anti-bonding coatings according to the present disclosure 
may also be applied to equipment other than dies that is used 
in the manufacture of fiber-reinforced composites. For 
example, the anti-bonding coating may be applied, using one 
of the above-described formulations, coating methods, and 
curing methods, to the working Surfaces of machinery for 
mixing or conveying, Such as blenders, blender casings, 
blowline piping, refiner discs, formers, hoppers, shavers, 
shave-off rollers, conveyor belts, pre-compress rollers, saws, 
and any other working Surfaces exposed to resin or the com 
posite mixture of fibers and resin, and especially metallic 
working Surfaces. The anti-bonding coatings described 
herein may also be useful for preventing build-up of latex 
paint, or other paints, varnishes, or Surface treatments, on the 
walls and other surfaces of painting booths and on the auto 
mated painting equipment used in Such booths. For large 
objects and immovable Surfaces such as painting booth walls, 
an ambient curing coating Such as NIC Industries 
MICROSLICK coating is desirable. 

Visual observations of composite products made using 
anti-bonding coatings according to Some of foregoing 
embodiments indicate that the use of anti-bonding coatings 
on the dies may yield composite materials with improved 
surface finish, increased gloss, decreased surface roughness, 
increased water resistance (as measured by increased water 
contact angles), reduced incidence of loose fibers at the com 
posite Surface, and improved edge sharpness and detail. For 
example, it is expected that a hard ceramic non-PTFE anti 
bonding agent, such as Whitford FUSION, when applied to 
an edge feature on the die defined by an inside radius of 0.030 
inch, may yield a pressed fiber composite panel having a 
corresponding outside edge feature having an outside radius 
of less than approximately 0.035 inch. Anti-bonding coatings 
according to the present disclosure may allow minimum die 
radiuses to be decreased, to yield composite parts having 
edges sharper than 0.030 inch radius, and in Some cases 
sharper than 0.025 inch or sharper than 0.020 inch. 
The following Examples demonstrate exemplary proce 

dures that may be used to form a fiber composite door skin 
product using the anti-bonding coatings and methods 
described herein. While certain Examples are hypothetical in 
nature, they are based upon actual experimental designs that 
have been tested and/or contemplated. 

Example 1 

Die: Kleen-Kut 45 
Coating: ILAGILASOL, DFT=35-40 microns 
Composite mixture: 
-90% wt refined wood fiber dried to 14% wt moisture 

COntent 

5.0% wt fiberglass filaments 
<0.1% wt wax 
0.5% wt internal release agent 
0.5% wt polyol 
4% wtpMDI resin 
Die temperature=300° F (149° C.) 
Applied pressure=10 seconds at 800 psi, followed by 20 

sec. at 250 psi 
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Expected functional life of coating: greater than 20,000 
cycles 

Example 2 

Die: Industeel SP300 
Coating: Thermolon ROCKS, DFT=40+5 microns 
Composite mixture: 
93.5% wt refined wood fiber dried to 10% wt moisture 

COntent 
<0.1% wt wax 
0.5% wt internal release agent 
6% wtpMDI resin 
Die temperature=300° F (149° C.) 
Applied pressure=10 seconds at 800 psi, followed by 20 

sec. at 250 psi 
Expected functional life of coating: greater than 30,000 

cycles 

Example 3 

Die: Kleen-Kut 45 
Coating: Whitford FUSION, DFT=25 microns 
Composite mixture: 
94.5% wt refined wood fiber dried to 10% wt moisture 

COntent 
<0.1% wt wax 
0.5% wt internal release agent 
5% wtpMDI resin 
Die temperature=300° F (149° C.) 
Applied pressure=10 seconds at 800 psi, followed by 20 

sec. at 250 psi 
Expected functional life of coating: greater than 10,000 

cycles 

Example 4 

Die: Industeel SP300 
Coating: NIC CERAKOTE Press Release, DFT=25-30 

microns 
Composite mixture: 
-98% wt refined wood fiber dried to 10% wt moisture 

COntent 
<0.2% wt wax 
0.2% wt internal release agent 
0.3% wt polyol 
1.7% wtpMDI resin 
Die temperature=300° F (149° C.) 
Applied pressure=10 seconds at 800 psi, followed by 20 

sec. at 250 psi 
Expected functional life of coating: greater than 10,000 

cycles 
Throughout this specification, reference to “one embodi 

ment,” “an embodiment, or "some embodiments' means that 
a particular described feature, structure, or characteristic is 
included in at least one embodiment. Thus appearances of the 
phrases “in one embodiment,” “in an embodiment,” or “in 
Some embodiments' in various places throughout this speci 
fication are not necessarily all referring to the same embodi 
ment. 

Furthermore, the described features, structures, character 
istics, and methods may be combined in any Suitable manner 
in one or more embodiments. Those skilled in the art will 
recognize that the various embodiments can be practiced 
without one or more of the specific details or with other 
methods, components, materials, etc. In other instances, well 
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14 
known structures, materials, or operations are not shown or 
not described in detail to avoid obscuring aspects of the 
embodiments. 

Thus, it will be obvious to those having skill in the art that 
many changes may be made to the details of the above 
described embodiments without departing from the underly 
ing principles of the invention. The scope of the present 
invention should, therefore, be determined only by the fol 
lowing claims. 
The invention claimed is: 
1. A system for manufacturing a thin-layer moisture-resis 

tant fiber composite material from a mixture of fibers and 
resin, comprising: 

equipment including a metallic working Surface that is 
exposed to the mixture during processing, the working 
Surface being coated with an ormosil coating including a 
cross-linked organically-modified silica network having 
a hardness exceeding 6H pencil hardness, to thereby 
inhibit buildup of the resin and fibers on the working 
Surface. 

2. The system of claim 1, wherein the equipment includes 
a pair of dies that are heated to between 250 and 425 degrees 
Fahrenheit, and wherein the working Surface is an inner Sur 
face of at least one of the dies used to press the mixture to form 
a consolidated fiber composite sheet material having a thick 
ness in the range of about 1 mm to 13 mm. 

3. The system of claim 1, wherein the ormosil coating has 
a hardness exceeding 7H pencil hardness. 

4. The system of claim 1, wherein the ormosil coating has 
an abrasion resistance greater than 50,000 cycles as measured 
using BSI Standard 7069:1988. 

5. The system of claim 1, wherein the ormosil coating 
includes titania nanoparticles dispersed within the silica net 
work. 

6. The system of claim 1, wherein the ormosil coating 
includes alumina nanoparticles dispersed within the silica 
network. 

7. The system of claim 1, wherein the ormosil coating has 
a dry film thickness of approximately 25 to 80 microns. 

8. The system of claim 1, wherein the ormosil coating 
includes alkyl groups chemically bonded to the silica net 
work. 

9. The system of claim 1, wherein the ormosil coating is 
hydrophobic so as to exhibit an advancing water contactangle 
of greater than 90 degrees (ASTM D7334-08). 

10. The system of claim 1, wherein the ormosil coating has 
a total Surface energy of less than approximately 25 m.J/m. 
including a polar Surface energy component of less than 
approximately 6 mJ/m. 

11. The system of claim 1, wherein the ormosil coating is 
formed by a sol-gel process in which an admixture of at least 
two distinct reactive chemical components is matured before 
being applied to the die and cured. 

12. The system of claim 1, wherein the working surface is 
roughened to approximately 2.5 to 6.0 microns R, before the 
ormosil coating is applied thereto. 

13. The system of claim 1, wherein the ormosil coating is 
selected from the group consisting of WHITFORDFUSION, 
CERATECH CT-100, CERATECH CT-200, CERATECH 
CT-600, CERATECHCT-700, CERATECH CT-800, THER 
MOLON ROCKS, THERMOLON ENDURANCE, THER 
MOLON FLEXITY. THERMOLON RESILIENCE, ILAG 
CERALON, and ILAGILASOL. 

14. The system of claim 1, wherein the ormosil coating is 
applied to the working Surface in liquid form, then cured by 
heating the working Surface to a temperature in the range of 
approximately 385 to 660 degrees Fahrenheit. 
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15. The system of claim 1, wherein the ormosil coating can 
withstand a critical Scratch load of at least 6 grams with a 
90-degree diamond indenter. 

16. The system of claim 1, wherein the fibers include 
cellulosic fibers. 

17. The system of claim 1, wherein the equipment includes 
a blender. 

18. The system of claim 1, wherein the equipment includes 
a blowline. 

19. The system of claim 1, wherein the equipment includes 
a hopper. 

20. The system of claim 1, wherein the equipment includes 
a pre-compress roller. 

k k k k k 
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